The increasing number of patients suffering from chronic renal disease (CRD) and end-stage renal disease (ESRD) are a challenge for the development of ingenious therapies. Bone marrow (BM) stem cells are an attractive therapy in the treatment of CRD.
INTRODUCTION
The epidemic of chronic renal disease (CRD) and endstage renal disease (ESRD) represents a crisis for healthcare burden world-wide [1] . Estimates of the global burden of disease indicate that diseases of the urinary system account for approximately 830,000 deaths and 18,467,000 disability-adjusted life years annually, estimating them 12 th among causes of death (1.4 percent of all deaths) and 17 th among causes of disability [2] .
Unilateral ureteral obstruction (UUO) animal models have been considered the classical models of obstructive renal injury because UUO can be easily manipulated by changing the time, severity and duration according to the experimental needs [3] . The advantage of the complete UUO model is good reproducibility, short time-course, easy surgical performance and the presence of the contralateral kidney for comparison [4] .
The kidneys are traditionally considered organs which are not able to self-regenerate [5] . Renal interstitial fibrosis is a progressive mechanism that ultimately leads to ESRD, which needs urgent dialysis or kidney transplantation [6] . Neither of these interventions can replace all functions of the kidneys, as there are other functions such as the secretion of erythropoietin which is essential for production of red blood cells [7] . Hence, alternative strategies have been pursued to develop new therapies for CRD.
In the last decade, the use of bone marrow (BM) cells has emerged as a new modality for treatment [8] . Recent studies have showed on techniques to mobilize the endogenous stem-cells to the injured kidneys or to introduce exogenous stem cells for tissue repair [9] .
Our investigation aimed to compare the autologous and allogeneic BM cells in modulating chronic renal injury produced with complete UUO. Our attention has been paid to key immune-histochemical markers of apoptosis and fibrosis, as well as tubular regeneration in this model of chronic tubule-interstitial damage and progressive loss of renal tissue.
MATERIALS AND METHODS

Animals
Sixty adult female Sprague-Dawley rats, aged 10 to 12 weeks old and weighed from 150 to 200 grams were included in our experiment. The rats were kept in a 12-h light/dark cycle at 25°C and fed standard rat chow and water ad libitum and left at least 48-h before the experiment to allow acclimatization.
Ethical consideration
ALL experiments were conducted in accordance with the guidelines of the Institutional Animals Ethics Committee of Suez Canal Uneversity.
Experimental protocol
The rats were anesthetized by intramuscular injection of 50 mg/kg of ketamine hydrochloride (Troikaa, Gujarat, India) and 5 mg/kg of xylazine (ADWA Co., 10th of Ramadan City, Egypt). After an abdominal midline incision, the left ureter was ligated using 6-0 silk at two points and severed between the two ligatures and the rats were kept in standard cages. They were divided randomly into 4 groups of 15 animals.
Sham group: First group served as sham-operated
controls. The sham-operated animals underwent identical surgical procedures, except that the left ureter was manipulated without ligation and sectioning.
2. UUO group: rats underwent UUO with direct intra-renal injection of saline.
3. Auto group: rats underwent UUO and injected with autologous BM cells directly into the renal parenchyma at the same day of operation.
4. Allo group: rats underwent UUO and injected with allogenic BM cells directly into the renal parenchyma at the same day of operation.
In Allo group, the ages of the donor rats were approximately the same as the recipient rats. All groups received antibiotics in their drinking water (0.1% amoxicillin [EIPICO, 10 th of Ramadan City, Egypt] and 0.015% enrofloxacine [Nile Co., Cairo, Egypt]) till the day of scarification to prevent pyelonephritis as done before by Barreira et al. [10] and also given 5 mg/kg/d. of carprofen (Norbrook, Newry, Northern Ireland) by intra-peritoneal injection for the first two days as done by Zhang et al. [11] .
These animals were sacrificed on day 10 of UUO because remodeling of tubular cells is already high at this point as we concluded in a preliminary pilot study.
Control groups, i.e. rats not submitted to any surgical procedure were not included in this study, since previously we had found no histological difference between control and sham groups in a preliminary pilot study.
Harvesting the autologous or allogeneic BM
After anesthesia in rats of Auto group, as described above in the UUO operation, or scarification of the donor rats for Allo group, the skin and femoral fascia of lateral area of the left thigh were incised. The muscles were splitted and the femur was exposed was drilled using a dental scaler. An intravenous cannula was inserted into the medullary cavity through the hole. The BM was flushed out with phosphate buffered saline (PBS) introduced through the cannula then aspired again.
Preparation of mononuclear cell (MNC) suspension from BM Plug.
Isolation of MNCs were done according to Fontes et al. [12] After removing all BM in 3ml PBS containing 10% FBS, it was centrifuged for 5 minutes at 160 g. The supernatant was removed and the precipitated fraction was resuspended in 1ml of PBS with 10% fetal bovine serum (FBS). The suspension was added over 0.5ml of Ficoll-Paque. Centrifugation was performed at 400 g for 15min. The result of this step was a three layered solution where the middle layer that contained the BM-MNCs. A pipette was used to extract the middle layer.
Intrarenal injection of BM-MNCs
The injection has been performed in three different areas in the medial longitudinal axis of the kidney as described previously [13] .
Tissue preparation
The left kidneys were removed and cleared from the extraneous tissues and weighed. The kidneys were fixed by submersion in 10% neutral buffered formaldehyde solution for at least 24-h then were sectioned midfrontally into 2 pieces and then embedded into paraffin wax.
Histopathological assessment
For histological evaluation, sections 4 μm thick were cut from the paraffin blocks and stained with hematoxylineosin (H&E), Masson's trichrome for collagen plus periodic acid-Schiff (PAS) reagent stains to visualize basement membrane. Pictures were captured by an Olympus optical microscopy (magnification: 40X).
Hematoxylin& Eosin (H&E) stain is used to assess the glomeruli as regard the thickness of the capsular basement membrane, dilatation of the Bowman's space, glomerular basement membrane, mesangial cells and mesangial matrix. Also it assesses the tubule as regard the basement membrane. Tubular dilatation and tubular atrophy. It assesses the interstitium as regard the expansion by either edema, inflammatory cells, or fibrous tissue.
Periodic Acid Schiff (PAS) stains the capsular, glomerular and tubular basement membrane. Also it stain the mesangial fibrotic deposit.
Masson's trichrome stains the collagen of the fibrous tissue in either interstitium or mesangial area.
Immunohistochemical assessment
Immunodetection of caspase-3, transforming growth factor-β (TGF-β1) and �-smooth muscle actin (�-SMA) was performed in kidney paraffin-embedded sections. After deparaffinized and hydration, tissue was stained with anti-Caspase-3 antibody (Sigma BioSciences), with purified mouse TGF-β antibody (Novus Biologicals) or with murine monoclonal anti-�-SMA (Sigma BioSciences) according to manufacturer's instruction. Interpretation of results was done semiquantitatively by evaluating both intensity and distribution of positive tissues.
Monoclonal antiCaspase-3 highlights the apoptotic tubular cells. Monoclonal anti transforming growth factor-β (TGF-β1) determines the fibrous tissue either in the interstitium or mesangium. Monoclonal anti-�-SMA is uses to assess the interstitial fibrosis.
Gross morphometry
Hydronephrosis were assessed semiquantitatively as described previously [14] . The following criteria were used: 0 = normal (finger-in-glove configuration of the papilla and calyx); 1 = minimal (a narrow but definable fluid-filled calyceal space with normal papillary contour): 2 = moderate (unequivocal dilatation of the calyx. with compression of the papilla, but with preservation of its conical shape); 3 = marked (gross distension of the calyx, typically increasing overall volume of the kidney by at least 50%, and resulting in severe compression of the lateral cortex and distortion of the papilla).
Histomorphometry
At all histomorphological evaluations, five different randomly selected sections were examined form each left kidney and from each section five different nonoverlapping slides were analyzed by a blinded observer.
Incidence of hydronephrosis, tubular dilation, and focal and segmental glomerular sclerosis were assessed as described before [14] . A score ranging from 0 (no lesions) to 3 (extensive lesions). Specifically, the grading scale used was: 0 = absent/normal; 1 = minimal, few instances seen throughout the sections; 2 = moderate, instances easily found, most areas normal; 3 = extensive, instances found in nearly all 40X fields.
Tubular dilatation index and interstitial volume index were assessed morphometrically as described before [15] . In brief, a grid containing 117 (13 × 9) sampling points was superimposed on images (40X) from sections stained with PAS reagent (Fig. 1 ). The number of grid points overlying the tubular lumen (tubular dilation index) and interstitial space (interstitial volume index) was counted and expressed as a percentage of all sampling points. 
Statistical Analysis
Mean±SE, Chi-square test and one-way ANOVA test were performed using SPSS window 16.0 version. Statistical significance was set at P<0.05.
RESULTS
Weights and external appearance of the kidneys
After left-sided UUO rats developed hydronephrosis with progressive dilation of the renal pelvises and ureters. The kidneys were spherical and pale in color. In the Auto and Allo groups the kidneys became darker, bean-shaped, and with less distended pelvises and ureters (Fig. 2) .
In UUO group, the left kidneys' weights (mean = 2.55 gm) were significantly increased compared to weights in Sham group (mean = 0.508 gm). Weights of left kidneys in Auto (mean = 1.944 gm) and Allo (mean = 1.91 gm) groups were significantly reduced compared to UUO group, although the difference between Auto and Allo groups was statistically non-significant (Histogram 1).
Gross morphometry
In grading of the kidneys according to hydronephrosis, most of rats of UUO group (11 rats) had grade (3) hydronephrosis (Histogram 2), with almost flat renal papillae (Fig. 3) . In contrast, most of rats of Auto group (7 rats) and Allo group (9 rats) had grade (2) hydronephrosis with almost preservation of the conical appearance of the renal papillae ( Fig. 3 ).
Histopathological assessment
The kidneys exhibited some glomerular shrinkage, expansion of the interstitium, and tubular damage 10 days after obstruction (Fig. 4) . Tubular damage was characterized by dilation with flattened epithelium, atrophy, and necrosis there were fibrotic deposits seen by Masson's stain ( Fig.  5 ) and type IV collagen deposits, especially around Bowman's capsules, seen by PAS stain (Fig. 6 ). This was partially prevented in BM cells-treated groups, where the glomeruli and the tubules regained most of their contour and the interstitium was reduced with reduced interstitial and pericapsular collagen deposits.
Although both autologous and allogeneic BM cells reduced the glomerular and the tubulointerstitial damage, but there was no distinct difference between both groups in prevention of the damage detected by the histological investigations.
Immunohistochemical assessment
Caspase-3 expression in UUO group was in form of deeply stained cytoplasm and nuclei of most of the tubular cells that was reduced in Auto and Allo groups. In Auto group, there were few positively stained nuclei and in Allo group there were few tubular cells with stained cytoplasm (Fig. 7) .
In UUO rats, the left kidneys showed high immunoexpression of TGF-β in form of punctate brown extensive granules that encroach on the nuclear boundaries in most of tubular cells. This expression was highly reduced in both Auto and Allo groups that showed lightly stained cytoplasm in some tubular cells ( Fig. 8 ).
Myofibroblasts were very detectable by �-SMA immunostaining in UUO group that was mostly minimized in both Auto and Allo groups in form of faint deposits around the tubules and glomeruli ( Fig. 9) . Generally, the difference in histopathological and immunohistochemical between Auto and Allo groups was not greatly noticeable.
Histomorphometry
With evaluation of the grades of incidence of hydronephrosis, tubular dilation, and focal and segmental glomerular sclerosis, most of rats (10 rats) were categorized as grade (3) in UUO group, while most rats (8 rats) in Auto group had grade (2) and most rats (6 rats) in Allo group had grade (1) (Histogram 3).
Estimation of the tubular dilatation index showed that an increase in UUO group (mean = 36.6) that was significant when compared with that of Sham group (mean = 2.29). The index was reduced in Auto (mean = 8.13) and Allo (mean = 16.87) groups. The difference between UUO group and both BM-treated groups is statistically significant ( Table 1) .
According to interstitial volume index, it was highly increased in UUO group (mean = 55.73) with a significant increase when compared with Sham group (mean = 5.47). The index was reduced in Auto (mean = 29.53) and Allo (mean = 29.47) groups. 
DISCUSSION
CRD is a prevalent disease (8-16%) associated with all-cause and cardiovascular mortality. Importantly, CRD can progress towards ESRD. At this situation, becomes renal replacement therapy is mandatory [16] . Current renal replacement therapeutic options is still limited to either peritoneal-dialysis, hemodialysis or kidney transplantation [17] . Shortage of compatible organs together with limited adaptability of current dialysis techniques led to urgent need to search about other alternative choices [18] . Investigations have directed toward development of an effective cell therapy, which promised some hope for certain well known nephropathies [19] .
Interest in obstructive renal disease has been rekindled by our need to study the mechanisms of tubulointerstitial injuries. UUO is one of the most used models of fibrosing renal diseases. The UUO model has the advantages of reproducibility with little inter-animal variation, a short time-course and the surgery is relatively easy to perform, even in the mouse [20] .
The present study revealed tubular atrophy evidenced by tubular dilatation with flat epithelial lining, and significant reduction in parenchymal thickness. Interstitial expansion by edema, inflammatory cells and fibrous tissue is also evident in the model of UUO. These results were in agreement with Sorensen and Stoller (2011) [21] . However, Sorensen and Stoller (2011) referred tubular atrophy in obstructive nephropathy to progressive ischemia of the tubular cells [21] . Padanikm (2003) reported that an increase in intratubular pressure leads to renal vasoconstriction and ischemia. These ischemic tubular cells underwent apoptosis and necrosis [22] . The interstitial fibrosis associated with UUO was confirmed by an increase in the cytoplasmic expression of TGF-β1 in the affected tubular cells, and increase in immunoreactivity of �-SMA. Caspase-3 immunoreactivity in the tubular epithelium, was increased which indicates high apoptotic indices.
In addition, signs of healing could be detected in the present study in the form of multiple large pale vesicular nuclei in the renal interstitium. Some of these nuclei were seen occupying the tubular lumen. Also these nuclei could be detected in the parietal layer of Bowman's capsule. Oliver et al. (2004) found proliferating renal specific progenitor cells in the renal tubules and papillae. They added that, after renal injury these cells could invade the kidney and differentiate into tubular and mesangial cells [23] . Also Park et al. (2010) described renal stem cell niche but they concluded that the renal capsule is a potential stem cell niche [24] . Moreover Fanni et al. (2015) detected stem cell niche in Bowman's capsule, where progenitor cells exist intermingled with parietal epithelial cells [25] .
Al-Awqati and Oliver (2006) recorded presence of stem cell niche in renal interstitium outside the proximal convoluted tubules. They recorded that these stem cells received damage signals from the cortex resulting in their proliferation and migration to the site of injury [26] . Nandhini (2014) and Park et al. (2013) reported that TGF-β1 and its receptors are highly up-regulated in the fibrotic kidney and TGF-β1 acts as chemotactic factor for fibroblasts. It stimulates collagen production in kidney following chronic inflammation [27, 28] .
TGF-β was a key player in renal epithelial to mesenchymal transition (EMT). EMT is a process in which renal tubular cell lost their epithelial phenotypes and acquired new characteristic features of mesenchymal cells [29, 30] . According the role of EMT in the renal injury, recent therapeutic interventions in renal fibrosis are aimed to inhibit the fibroblast formation by shifting local cytokine balance in favor of reversal mesenchymal to epithelial transition [31] .
As regards stem cell therapy, local injection of autologous BM cells resulted in an improvement of kidney structure. There was amelioration of tubular lesion, reduction of apoptosis and rapid tubular regeneration in rats. This was accompanied with decrease in caspase-3, TGF-β, �-SMA expression. Exogenous BM cells could engraft into injured tubules and trans-differentiated into functional tubular cells [32] .
In the present study, local injection of allogeneic BM cells resulted in partial improvement of histological and immuno-reactivity of the kidney. However, some tubules were showing some sort of dilatation. The interstitium was highly cellular.
Our result was concordant with Gratwohl (2011) which declared that allogeneic stem cells were linked with immunological complications, graft rejection or rejection of recipient with the immune-competent transplanted immune system. The time of recovery to complete immunocompetence is considerable larger in allogeneic stem cells than in autologous stem cells [33] .
Also Togl et al. (2009) compared the outcomes of renoprotection after injection of autologous or allogeneic BM stem cells in rat acute kidney injury model. They found that identical doses of autologous mesenchymal stem cells were more effective than allogeneic cells but both were able to decrease the renal fibrosis and function in survived rats [34] .
CONCLUSION
In conclusion, our results show that a single intrarenal administration of autologous or allogeneic BM cells strongly reduce both collagen deposition and the myofibroblast population, associated with a reno-protective role with enhanced proliferation and reduced apoptosis of tubular cells promoted by UUO. There is no significant statistical difference between both sources of BM cells in this protective role, however the histological improvement is better in the autologous cell treatment.
